Introduction
SS is a systemic autoimmune disease that presents with sicca symptomatology of the main mucosa surfaces [1] . The main sicca features (xerophthalmia and xerostomia) are determined by specific ocular (Rose Bengal staining, Schirmer test) and oral (salivary flow measurement, parotid scintigraphy) tests. The histological hallmark is a focal lymphocytic infiltration of the exocrine glands, determined by a biopsy of the minor labial salivary glands [2] . Patients with SS present a broad spectrum of analytical features (cytopenias, hypergammaglobulinaemia, high ESR) and autoantibodies, of which ANAs are the most frequently detected, anti-Ro/SS-A the most specific, and cryoglobulins and hypocomplementaemia the main prognostic markers [3] . The disease spectrum extends from sicca syndrome to systemic involvement (extraglandular manifestations) [4] .
The complement system is a key component of the innate inflammatory response that mediates tissue damage in autoimmune diseases. In addition to the classical and alternative pathways, the complement system can also be activated through the lectin pathway, which is switched on when the mannosebinding lectin (MBL) forms a complex with MBL-associated serine proteases (MASPs) [5] . This complex binds with some carbohydrates motifs on pathogens, facilitating their opsonophagocytosis and/or lysis [6] . The MBL pathway also contributes to the clearance of apoptotic cells and circulating immune complexes [7] , suggesting a possible implication in the aetiopathogenesis of systemic autoimmune diseases (SADs). Accordingly, genetically defined loss-of-function variations of the MBL and MASP-2 molecules have been reported to influence susceptibility and disease expression of both infections and autoimmune diseases [8, 9] . Three single nucleotide polymorphisms (SNPs) at exon 1 of MBL2 introducing non-synonymous amino acid changes at codons 52, 54 and 57 (named D, B and C variants, respectively, and collectively referred as O variants) are major determinants of serum MBL levels [10, 11] . The wild-type variant is referred as A. Additional SNP at positions -551 (H/L), À221 (X/Y) and þ4 (P/Q) in the 5 0 -flanking region also influence serum MBL levels in individuals with the wild-type A variant [12] . Of these, two promoter haplotypes (HY, which is associated with high levels of MBL, and LX, which is associated with low MBL levels) appear to be the most important [12] . The exon 1 and promoter polymorphisms are in linkage disequilibrium and give rise to a limited number (seven) of haplotypes (HYPA, LYPA, LYQA, LXPA, LYQC, LYPB, HYPD), which correlate well with MBL serum levels [12] [13] [14] [15] [16] . Genotypes 0/0, 0/XA and XA/XA were considered as MBL-low genotypes according to previous studies [12, [17] [18] [19] [20] . The MBL2 and MASP2 genes have been located to chromosomes 10q11.1-q21 and 1p36.23-31, respectively [21] . Some studies have suggested a higher risk of developing SLE in patients carrying a specific MBL allele in combination with null alleles for other complement genes located within the MHC class III region (C4B) [22] .
Hypocomplementaemia is considered one of the key immunological markers of primary SS. Recent studies have described a close association between low complement levels at diagnosis and a higher risk of developing extraglandular features and autoantibodies, and death [23] [24] [25] . It may be hypothesized that genetic variability in proteins involved in the activation of the lectin pathway of the complement system (MBL) could influence the systemic and immunological expression of primary SS. In this study, we investigated the association between MBL2 and MASP2 gene polymorphisms and the clinical and immunological manifestations of primary SS.
Methods

Patients
We analysed 127 consecutive patients diagnosed before 2002 who fulfilled four or more of the 1993 European Classification Criteria for primary SS [26] . A retrospective application of the 2002 American-European criteria [27] identified 81 patients who fulfilled these criteria (77 women and 4 men, mean age at SS diagnosis of 51.4 yrs). The remaining 46 patients, all with negative anti-Ro/La antibodies, were excluded and analysed as a control group. In all patients, an exhaustive evaluation discarding other causes of sicca syndrome (coexisting systemic autoimmune diseases, chronic viral infections, metabolic disorders and preexisting lymphoma) was performed. Systemic involvement was defined as the presence of at least one of the following features [28, 29] : lung involvement, cardiovascular involvement, nephropathy, vasculitis, peripheral neuropathy or central nervous system involvement. Clinical and laboratory data were collected and computerized according to our standard department protocol [28, 29] . The study was approved by the ethical committee of the Hospital Clinic (Barcelona, Spain) and all patients gave informed, written consent.
MBL2 and MASP2 genotyping
Genomic DNA was extracted from 1.5 ml EDTA-treated whole blood samples from Caucasian SS patients and controls (114 SLE patients and 104 healthy voluntary blood donors from the Hospital Clinic, Barcelona, Spain, mean age of 42 yrs, female: male ratio of 4:1) using the QIAamp DNA blood mini kit following the manufacturer's instructions (QIAGEN GmbH, Hilden, Germany) and stored at À208C until used. Genotyping of MBL2 and MASP2 was done by a PCR-sequencing based typing (SBT) technique, as previously reported [20, 28] . In brief, a 969-bp fragment of MBL2 encompassing a region from the promoter to the end of exon 1 was obtained by PCR amplification using the sense 5 0 -GGGGAATTCCTGCCAGAAAGT-3 0 and anti-sense following the manufacturer's instructions with the sense and antisense gene-specific primers mentioned above. Sequencing reactions were analysed on an automated capillary DNA sequencer (ABI Prism 3100 Genetic Analyzer, Applied Biosystems).
The SNP D105>G at exon 3 of MASP2 is known to affect the binding of MASP-2 to MBL and subsequently reduces the serum levels of MASP-2 [30] . Individuals were divided into wild-type or mutant categories according to the presence of the D105> variant in either homo-or heterozygosis.
Statistical analysis
Qualitative variables were compared using the 2 -test and Fisher's exact tests. Quantitative variables were analysed with the Student's t-test, with results indicated as mean AE S.E.M.
A two-tailed value of P < 0.05 was taken to indicate statistical significance. The results of the analysis of quantitative variables are indicated as mean AE S.E.M. The statistical analysis was performed using the SPSS program (Chicago, IL, USA).
Results
MBL2 polymorphisms
Twelve (15%) patients with primary SS had MBL-low genotypes, of whom six (7%) had genotype 0/XA, five (6%) had genotype 0/0 and one (1%) had genotype XA/XA. Sixty-nine (85%) had other MBL2 genotypes (XA/A, 0/A, A/A), of whom 19 (23%) had genotype A/A, 24 (30%) had genotype A/O and 26 (32%) had genotype A/XA (Table 1 ). When we compared the prevalence of MBL2 genotypes and haplotypes between patients with primary SS and controls, a higher prevalence of the XA/A genotype (32 vs 17%, P ¼ 0.01) and a lower frequency of the A/A genotype (23 vs 36%, P ¼ 0.06) was found in primary SS patients in comparison with SLE patients.
When we analysed the association between MBL2 genotypes and the main epidemiological, clinical and immunological characteristics of SS (Table 2) , we found a lower prevalence of systemic manifestations in SS patients with MBL-low genotypes (25 vs 41%). Specifically, no patient carrying MBL-low genotypes had purpura, glomerulonephritis or neurological involvement (0 vs 29%, P ¼ 0.025). Patients carrying MBL-low genotypes had lower mean levels of CRP, erythrosedimentation rate, 2-microglobulin, serum IgG and pro-inflammatory cytokines such as IL-6 and -10 in comparison with patients carrying MBLsufficient genotypes, although the differences did not reach statistical significance (Table 3) . Immunologically, patients carrying MBL-low genotypes had a lower frequency of anti-Ro/SS-A antibodies (17 vs 55%, P ¼ 0.014), anti-La/SS-B antibodies (8 vs 48%, P ¼ 0.009) and low C4/C3 levels (0 vs 32%, P ¼ 0.016) in comparison with patients carrying MBL-sufficient genotypes. Only three (25%) patients carrying MBL-low genotypes presented some of the immunological markers closely associated with the main extraglandular features of primary SS (anti-Ro/SS-A, anti-La/SS-B, low C3/C4 levels, cryoglobulins and monoclonal serum immunoglobulins) in comparison with 49 (71%) of patients carrying MBL-sufficient genotypes (P ¼ 0.004). No patient with primary SS carrying the homozygous deficient genotype 0/0 had anti-Ro/ SS-A or anti-La/SS-B antibodies, low C3/C4 levels or circulating cryoglobulins.
We also analysed the clinical significance of the MBL2 polymorphisms in the 46 patients who only fulfilled the 1993 criteria (Ro/La-negative patients). Patients carrying MBL-low genotypes had a lower prevalence of systemic manifestations (9 vs 43%, P ¼ 0.04) and a lower frequency of immunological markers including ANA (64 vs 80%), RF (0 vs 17%), low C3 levels (18 vs 23%), low C4 levels (0 vs 6%) and cryoglobulins (0 vs 9%) in comparison with patients carrying MBL-sufficient genotypes, although the differences did not reach statistical significance. No patient carrying MBL-low genotypes had positive RF, hypocomplementaemia or circulating cryoglobulins.
MASP2 polymorphism
Five (6%) patients with primary SS were heterozygous for the MASP2 D105>G variant, a prevalence similar to that found in SLE patients (8%) but higher than that found in the 1993 SS patients (2%) and in healthy controls (3%). No statistically significant association was found between the MASP2 variant and the main epidemiological, clinical and immunological characteristics of primary SS.
Discussion
MBL is a liver-derived type C lectin protein that binds to certain carbohydrate motifs on the surface of pathogens, damaged host cells and immune complexes [7] . This activates MASPs and results in the formation of C3-convertase, which facilitates removal of pathogens by opsonophagocytosis or complement-mediated lysis. Low MBL levels have been associated with an inadequate innate immune response, increasing the risk of infection especially in immunocompromised subjects [31] , while its possible involvement in susceptibility to autoimmune diseases is unclear. Experimental studies have shown that the MBL-deficient murine model does not develop a broad spectrum of autoimmune processes (glomerulonephritis, ANA and dsDNA titres) in comparison with agematched mice controls [32] . In clinical studies of patients with SLE, investigation of the possible aetiopathogenic role of MBL deficiency initially centered on a hypothetically increased risk of infection, with controversial results [33, 34] . However, interest has recently turned to the possible influence of MBL deficiency in the clinical expression of SLE, and several studies have described a close association with cardiovascular disease, chronic damage and APS [18, 20, 35] .
Regarding the study of genetic susceptibility to primary SS, recent studies suggest that investigation of the clinical significance of MBL variant alleles may be of interest. On the one hand, experimental studies in murine models have demonstrated the up-regulated expression of the MBL-A gene in corneas [36] and lymphoid infiltration of salivary glands in the MBL-null mice model [32] . On the other hand, clinical studies have recently highlighted the key role of hypocomplementaemia in the systemic disease expression and outcomes of patients with primary SS [23] [24] [25] . Preliminary studies on the prevalence of MBL genotypes A/A, A/0 and 0/0 in primary SS from Finland, Japan and Australia mainly centered on analysing possible differences in the prevalence of these genotypes with respect to control groups, with contrasting results [37] [38] [39] . Wang et al. [38] found a lower frequency of polymorphisms of the 54 codon in SS patients in comparison with controls, while Aittoniemi et al. [37] and Mullighan et al. [39] found no statistically significant differences. In this study, we included additional MBL genotypes (analysing polymorphic positions in the promoter region together with those at codons 52, 54 and 57) and found MBL-low genotypes in 15% of patients with primary SS, a similar prevalence to that seen in SLE patients (20%) and healthy controls (18%). This suggests that MBL-deficient polymorphisms have little influence in genetic susceptibility to primary SS.
In contrast, we found that MBL genotypes were associated with the clinical and immunological expression of primary SS. Clinically, our patients carrying MBL-low genotypes were characterized by a less severe involvement, with a statistical trend for a lower frequency of involvement in parotid scintigraphy and a statistically significantly lower prevalence of extraglandular involvement. Some studies have suggested that high levels of MBL are related to tissue damage [40] and that high levels of MBL in patients carrying wild-type MBL genotypes may facilitate autoimmune tissue damage [41] . It may be hypothesized that, in primary SS, MBL-sufficient levels could be necessary to induce the autoimmune-mediated damage, while patients carrying MBLlow genotypes may be protected against severe autoimmune involvement. Thus, hypothetical blockade of the MBL pathway could reduce chronic autoimmune damage in SS patients, with reduced MBL levels leading to a low degree of complement activation and inflammation, as suggested by the low serum levels of acute-phase reactants and pro-inflammatory cytokines in our patients carrying MBL-low genotypes.
Patients with primary SS carrying MBL-low genotypes had a lower frequency of positive autoantibodies, including ANA, RF and aCLs, especially a lower prevalence of anti-Ro/SS-A and antiLa/SS-B antibodies. Recent studies have found that SLE patients carrying MBL-low genotypes have a higher frequency of antidsDNA, anti-Ro/SS-A, anti-La/SS-B but a lower frequency of aCLs, anti-RNP and anti-Sm antibodies in comparison with SLE patients carrying non-deficient genotypes [42, 43] . This suggests that MBL genotypes may induce different patterns of autoantibodies in each autoimmune disease. Therefore, high MBL levels may be important in mounting autoimmune response against Ro and La antigens in patients with primary SS.
None of our patients carrying MBL-low genotypes had low C3/C4 levels or positive cryoglobulins, which are key prognostic factors in primary SS. This is consistent with the functional role of MBL in complement activation. MBL pathway dysfunction in variant allele carriers is associated with reduced MBL ligand binding and a relative increase in low-molecular mass MBL. Roos et al. [44] found that sera from individuals with mutations in the MBL2 gene showed significantly less activation of C4 by IgA and mannose than sera from individuals with the wild-type genotype. Moreover, Seelen et al. [45] found that patients with MBL variant alleles have an impaired ability to activate exogenous C4 by MBL/ MASP complexes bound to mannose, as well as an impaired capacity to activate the whole complement cascade upon binding of MBL to mannose. Histological studies have shown an increase in the level of heterogeneity of the binding sites for mannose in salivary glands of patients with SS [46] , suggesting that genetic MBL heterogeneity may influence the degree of autoimmune damage and inflammation. This poses the question of whether MBL deficiency could be beneficial in patients with primary SS. Our data suggest that MBL polymorphisms have little influence on genetic susceptibility to primary SS but much more influence on the genetic modification of disease expression, with MBL-deficient genotypes being associated with milder disease. The possible protective role of low MBL levels in inflammatory and autoimmune processes is a hypothesis proposed by Casanova and Abel [47] and supported by recent genetic, experimental and clinical studies. First, the worldwide extension of deleterious MBL2 haplotypes suggests that carrying MBL-low genotypes may be potentially beneficial and not harmful [48] . Secondly, the MBL-deficient murine model has significant protection against skeletal muscle reperfusion injury [49] . Thirdly, patients with low MBL levels seem to be protected against some intracellular infections such as tuberculosis [50] , leishmaniasis [51] or HIV [52] . Fourthly, some patients with autoimmune diseases such as primary biliary cirrhosis have a higher frequency of MBL-high genotypes [53] . Taken together, these data suggest that MBL deficiency may provide some form of protection against the development of some inflammatory or autoimmune processes such as primary SS. However, recent studies have shown that MBL deficiency has been associated with an enhanced susceptibility to cardiovascular and thrombotic events [18, 20, 35] . This suggests that MBL deficiency may play a different role in each autoimmune disease. This is the first study to analyse the prevalence and clinical significance of the genetic variability of MASP-2 in patients with a systemic autoimmune disease. We found a low prevalence of MASP-2 mutations in patients with primary SS, which was similar to that of the control groups. Thus, MASP-2 polymorphisms seem to have little clinical significance in primary SS.
We also analysed the clinical significance of MBL2 polymorphisms in a subset of patients with negative anti-Ro/La antibodies who did not fulfil the 2002 criteria [27] due to the lack of salivary gland biopsy. In these patients, MBL-low genotypes were associated with a lower frequency of systemic involvement and immunological markers, similar to that found in patients fulfilling the 2002 criteria. This suggests that genetically induced low levels of MBL may be protective against severe autoimmune involvement not only in primary SS patients fulfilling the 2002 criteria, but also in those with negative Ro/La antibodies who only fulfilled the 1993 criteria.
In conclusion, patients with primary SS carrying MBL-deficient genotypes have a less severe systemic and immunological disease expression in comparison with those carrying MBL-sufficient genotypes. In contrast, MASP-2 mutations have little clinical significance. In primary SS, insufficient levels of MBL may represent a protective factor against the development of more aggressive autoimmune damage.
Rheumatology key messages
The possible protective role of low MBL levels in autoimmune processes is supported by recent studies. SS patients with MBL-low genotypes have a less pronounced systemic and immunological disease expression in comparison with those carrying MBL-sufficient genotypes. In primary SS, MBL-deficient genotypes may represent a protective factor against the development of more aggressive autoimmune damage.
